Background: Epiphora secondary to nasolacrimal duct obstruction is common in the pediatric age group. The mainstay treatment among these young patients has been conservative. Once epiphora becomes recalcitrant, however, an external or an endonasal approach is considered.
N asolacrimal duct obstruction (NLDO) in the pediatric age group is almost always of congenital origin. It usually follows failure of canalization of the nasolacrimal duct predominantly at the valve of Hasner, where the duct enters the nasal cavity. It is generally managed conservatively at first, followed by syringing, probing, using balloon dacryoplasty, and applying topical antibiotics. Toti 1 was the first to describe dacryocystorhinostomy (DCR), performed externally, to treat NLDO. Surprisingly, an endonasal approach to the lacrimal system was first described before that, in 1893, by Caldwell. 2 This approach was then modified by West 3 and then revised by Mosher. 4 Jokinen and Karja 5 revived the endonasal approach in 1974.
The advent of transnasal endoscopy, along with a fiberoptic light carrier system, was associated with a massive change in the surgical technique because the endoscopic approach was considered more feasible. Endoscopic DCR (EDCR) was described in 1989 by Mc-Donough and Meiring. 6 Since then, EDCR has undergone many modifications and has become the primary choice at many centers because of its high success rate and low morbidity compared with the traditional external approach for both pediatric and adult cases. This systematic review aimed to cover the current literature available on the outcomes of EDCR as a primary option for NLDO in the pediatric age group.
Background
The presence of persistent epiphora and recurrent dacryocystitis leads to a diagnosis of NLDO. This entity is attributed to a persistent membrane at the distal end of the duct, to bony obstruction, or to the narrowing of the inferior meatus due to the neighboring nasal mucosa. Almost 20% of infants are affected by epiphora related to persistence of the membrane at the Hasner valve. Approximately 90% of cases resolve spontaneously or with minimal treatment. 7 In cases of congenital dacryocystocele, however, a variant of congenital NLDO that involves sterile cystic dilatation of the lacrimal sac above and below the lacrimal sac, early surgical intervention may be warranted because expansion of this cyst intranasally may lead to respiratory distress because neonates are obligate nasal breathers, especially those with bilateral NLDO. The reported incidence of congenital NLDO is 1.2-30.0% and is higher in children with craniofacial anomalies and Down syndrome. 8 Common clinical presentations of pediatric patients include persistent epiphora, matting and crusting of the eyelashes, persistent infection, and the presence of excoriated skin along the lid margin due to overgrowth of bacteria in the obstructed duct. Persistence of symptoms may subject these children to numerous treatment modalities, including massaging, syringing, probing, stenting, and using balloon dacryoplasty. Only when these modalities fail is DCR considered. NLDO is usually confirmed by the patient's history and the clinical examination, followed by the dye disappearance test.
METHODS
A literature search for the period of January 1995 to December 2016 was conducted by searching for English-language articles in the elec-
tronic data bases PubMed, Scopus (Elsevier BV, Amsterdam, the Netherlands), and Embase (Elsevier BV, Amsterdam, the Netherlands), from which we retrieved 104 citations. In addition, a few articles were identified from the experience, and information was provided by the senior authors (B.A., S.H., D.Y.W.). Further relevant articles pertinent to this review were retrieved by reviewing the references of the articles that had been searched. The following keywords were used either individually or in combination to aid in retrieving the articles: epiphora, nasolacrimal duct obstruction, endoscopic dacryocystorhinostomy, powered endoscopic dacryocystorhinostomy, laser-assisted endoscopic dacryocystorhinostomy, children, congenital, acquired, presaccal obstruction, and postsaccal obstruction. Some of the information provided in the articles was counter-checked and compared with that in standard textbooks. The search was conducted over a period of 1 month (January 2017) in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines 9 and the Cochrane Handbook for Systematic Reviews of Interventions 10 when appropriate. After being scrutinized by the panel members, 10 original clinical research articles were selected based on our objective and selection criteria ( Fig. 1 ). The selected articles were appraised by using the Quality Assessment Tool for Case Series Studies from the National Institutes of Health National Heart, Lung and Blood Institute's guideline. 11
Outcome Measures
The primary outcome was defined as the success of the intervention determined by the resolution of symptoms and the patency of the lacrimal anatomy confirmed by syringing or irrigating the nasolacrimal duct. The success of the procedure was also confirmed by using the fluorescein dye disappearance test. Secondary outcomes included the presence of such complications as bleeding, scarring, and/or persistent epiphora and infection. Studies that did not report outcome data were excluded.
RESULTS
A total of 10 studies, published between 1995 and 2016, that fulfilled the selection criteria were included in the review. All the studies were considered to have a class III level of evidence. Nine of the ten studies were noncomparative, nonrandomized, retrospective case series. The other study was a nonrandomized, noncomparative prospective study. A total of 313 patients were pooled (162 boys, 151 girls). The total number of patients for each study ranged from 6 to 60, with ages that ranged from 4 months to 18 years. Apart from the revision cases, a total of 352 EDCRs had been performed in the 10 studies on either one or both eyes, performed either simultaneously or at different times. The studies included in this systematic review are summarized in Table 1 . A meta-analysis was considered inappropriate in our study because of heterogeneity issues. 10 Thus, meaningful interpretation of the outcomes in the studies required expert discussion and clinical judgment by us. Although most of the series did not specify the cause of NLDO, we found that EDCR, overall, most commonly was warranted in the patients with congenital NLDO (n ϭ 200). [12] [13] [14] [15] [16] [17] [18] In one series, however, idiopathic NLDO (n ϭ 10) was found to be the most common indication for EDCR. 7 Other indications were trauma, iatrogenic causes, craniofacial abnormalities, and infection.
The decision to perform EDCR was based on the patient's clinical presentation, a history of failed procedures (e.g., probing, syringing, tubing, infractured turbinate, balloon dacryoplasty), and imaging results presented at a joint ophthalmology and otorhinolaryngology assessment session. In some centers, the patients were assessed before surgery in an otorhinolaryngology setting, and endoscopic examination was performed in cooperative children who were under local anesthesia. 19 The preoperative diagnostic workup could include nasal endoscopy along with ophthalmologic evaluation via the Jones I and II tests. In the Jones I test, fluorescein dye is dropped into the eye, and a cottonoid pledget is placed in the inferior meatus of the nose. The presence of dye on the pledget confirms a patent lacrimal pathway. 17 If the Jones I test is inconclusive in children with symptoms, then the Jones II test is carried out. Here, the canaliculi are irrigated by using saline solution. When the saline solution is felt in the nose, the diagnosis is partial lacrimal obstruction. When saline solution is regurgitated, the diagnosis is total lacrimal stenosis. 17 Other diagnostic modalities include dacryocystography and computed tomography (CT) of the paranasal sinus. 17 Stents were placed in eight studies but the indication and durations of the stents placement varied according to the center. Some investigators proposed stenting only in revision cases or those patients in whom canalicular stenosis was suspected. In most cases, the NLDO was located distally in the Hasner membrane, for which a high success rate of EDCR was reported. 12 In addition, application of mitomycin at the osteotomy site has been proven to reduce fibrosis and shrinkage of the ostium, which accelerates healing. 13 Other adjunctive procedures performed with EDCR were septoplasty, conchaplasty, and infundibulotomy, which allowed better access and visualization of the lacrimal sac. 7 In almost all of the cases, a powered instrument was used in addition to a chisel to improve the approach.
No major complications were seen in any of the 10 studies. Minor complications in these series included minimal bleeding, eye itchiness, nasal vestibule abrasion, adhesion, and orbital emphysema, which resolved with prompt treatment. The follow-up evaluation included taking a meticulous history along with the physical examination and fluorescein dye disappearance test. The duration of the follow-up varied according to the center. Overall, patients in revision and complicated cases underwent longer follow-up. The overall follow-up ranged from 1.5 to 60 months. As for outcomes, the patients with postsaccal obstruction experienced a higher success rate than those with presaccal obstruction. Revision EDCR was required in four series ( Table 2) , and a second revision EDCR was needed in one of these four series. In addition, external DCR was performed after a failed EDCR revision in another series. 13 The quality assessment results of the selected articles are summarized in Table 3 .
DISCUSSION
External DCR is considered the optimal or ideal management for pediatric NLDO because the procedure has been well established over the years in children, with an overall success rate of 83-96%. 20 External DCR has larger cohorts with better outcomes, which prompts many surgeons to abandon the endonasal route. Recently, the advent of instrumentation and techniques for pediatric sinus surgery has resulted in a higher number of EDCRs being performed in many centers. Pediatric endoscopic instrumentation is especially designed for better surgical access, which thereby enables correction of intranasal causes of epiphora (i.e., membranous and bony obstruction, previous adhesions, redundant mucosa, hypertrophied inferior, and middle turbinate). 16 Endonasal DCR has an advantage over the external approach because it avoids cutaneous incisions and scars, especially in patients who are prone to keloid formation. There also is less disruption of the medial canthal region, damage to the lacrimal pump system is avoided, hemorrhage is decreased, and the recovery time is shorter. 21 It enables concurrent nasal and paranasal sinus abnormalities to be treated simultaneously and takes a shorter time than external DCR. 22 An additional advantage is that endonasal DCR can be successfully performed in an outpatient setting. 16 Recalcitrant congenital NLDO remains the most common indication for EDCR in pediatric patients. Other etiologic possibilities that lead to NLDO are trauma, infection, and iatrogenic and idiopathic causes. 12 Pediatric EDCR was customarily performed in cases in which the probe or tubing literally could not be inserted. In children Ͻ1 year of age, relapsing acute dacryocystitis warrants EDCR. 12 In this review, the youngest patient who had undergone successful EDCR was a 3-month-old infant with acute dacryocystitis. 12 However, no age limit has been stated for EDCR because it can be safely performed in infants without major complications. Wormald 23 describes the use of a powered instrument for EDCR that allowed extensive osteotomy, thereby gaining full exposure of the lacrimal sac, which could lead to a higher success rate. In the current series, all the investigators used either a drill or microdebrider, along with a chisel for better exposure. EDCR is performed arbitrarily after failed previous procedures, such as probing, syringing, infracture of the Stenting was performed simultaneously because it maintains a patent DCR ostium during the expected period of wound contracture. The indications and durations of stent placement varied according to the center. Stents were placed on a regular basis in some centers because there is a higher risk of upper respiratory tract infection in children, which leads to a higher risk of obstruction of the new ostium. 19 In addition, passage of the probe and the stent were found to be smoother in patients who had undergone the least amount of previous probing. Lacrimal stenosis was noted in patients who had required multiple probing sessions. 19 A possible reason is that repeated probing leads to a higher incidence of false tracts. The duration of stent placement also varies. Stent placement of Ͻ3 months was found to be ideal because it avoids stent-related complications. 24 In contrast, one study showed that stent placement or intubation leads to failure of the DCR by inciting granulomatous inflammation at the site of the nasolacrimal fistula. 25 Another study showed that pediatric NLDO can be managed successfully via EDCR without stenting. 7 Although various stent materials have been used to prevent obliteration of the surgically created rhinostomy, silicone stents have displayed the highest success rate. 26 However, to date, there has not been any randomized control study to evaluate the effects of silicone tubing. 27 Furthermore, removal of the medial wall of the lacrimal sac is preferred to stent insertion because children tend to tug at the stents, which results in operative failure. 28 Application of mitomycin C, along with EDCR, has been reported to decrease the risk of fibrosis and shrinkage of the ostium during healing. 14 In one study, cottonoid pledgets soaked with 0.5 mg/mL of mitomycin C were applied over the osteotomy site for 5 minutes. Topical mitomycin C has been successfully used for several otorhinolaryngologic procedures in children, including choanal atresia repair 29 and laryngotracheal stenosis repair, 30 and to prevent recurrence of esophageal stricture 31 without complications. Mitomycin C application during pediatric lacrimal surgery, however, has not been widely reported. 13 Dacryocystography and CT of the paranasal sinus are common imaging modalities for diagnosing NLDO. 17, 32 CT of the paranasal sinus is more pertinent in patients with craniofacial abnormalities. 33 Use of CT and magnetic resonance (MR) dacryocystography has also been reported. Advantages of MR dacryocystography are (1) the avoidance of ionizing radiation to the lens as in cases in which the absorbed dose of MR dacryocystography is 0.04-0.2 mSv, whereas it is 1.8-2.6 mSv with CT dacryocystography; (2) the precise, detailed information it provides; (3) avoidance of a conjunctival reaction; and (4) no lesions of the canaliculi when gado- Kominek and Cervenka 12 52 N/A -3
Berlucci et al. 17 6 None - 4 Leibovitch et al. 18 21 None -5
Jones et al. 14 34 3 EDCR (8.8) 1 Failure (repeated EDCR performed), resolution of symptoms 6 Saeed and Tawalbeh 19  50  None  -7 Dolmetsch et al. 13 60 3 EDCR (5) 1 Failure (external DCR done), resolution of symptoms 8
de Souza et al. 28 39 N/A -9
Vanderveen et al. 16 17 2 EDCR (11.8) Resolution of symptoms 10
Al-Nuaimi et al. 15 16 N/A -EDCR ϭ Endoscopic dacryocystorhinostomy; N/A ϭ not available; DCR ϭ dacryocystorhinostomy. diamide dimeglumine contrast medium is instilled in the conjunctiva. 17 Predictors of success include the level of obstruction, with postsaccal obstruction having a higher success rate than that associated with earlier surgical intervention (for presaccal obstruction). 19, 33 Early referral, followed by early EDCR in children with acute dacryocystitis, reduces the risk of lacrimal stenosis, which is often exacerbated by repeated infection or probing. The level and type of obstruction can be identified before surgery by dacryocystography, performed with the patient under general anesthesia, wherein contrast medium is injected into the lacrimal pathway to identify the site of obstruction. 33 Pediatric patients with craniofacial abnormalities are at higher risk of EDCR failure. 14 Adjunctive procedures, such as application of mitomycin C at the osteotomy site, contribute to promising outcomes in adults undergoing lacrimal surgery. 13 This possibility in pediatric patients undergoing EDCR, however, needs further study.
A new endoscopic technique that consists of endoscopy-guided inspection of the Hasner valve area, a trial of irrigation, incision of the imperforate Hasner valve, followed by reirrigation has been proposed. 34 Probing under endoscopic guidance was carried out in patients in cases in which the technique failed. This study had a remarkable success rate of 92.7%, with no major or minor complications. In several centers included in this review, laser-assisted EDCR performed in children was atraumatic, avoided the use of sutures, and showed good hemostasis. However, this procedure is controversial because the children had a marked fibroblastic response, compared with that seen in adults, which subsequently led to early closure of the ostium. 35 Recurrence after laser-assisted EDCR was found to be secondary to granulations present at the ostium. 35 Pediatric EDCR is different from adult EDCR because the anatomy is different. In children, the nasal cavity is relatively narrow, with bulky turbinates. The presence of a deviated nasal septum causes more difficulty for the endoscopic procedure because septoplasty is generally avoided due to its possible impact on facial growth. Identification of landmarks is difficult because the agger nasi is not as well pneumatized as in adults, and the lacrimal eminence and uncinate process appear hidden. Hence, the dissection is done at the nasolacrimal duct rather than the lacrimal sac. Transillumination of the lacrimal sac with a light probe or a lacrimal endoscope may help during this procedure. Albeit rare, an additional procedure to improve ventilation of the middle meatus has been done without notable complications, which improves the success rate of EDCR in children. 7 Additional procedures, e.g., septoplasty, however, have not been shown to improve the DCR outcome. 36 Relative contraindications to EDCR are the presence of a large diverticulum lateral to the lacrimal sac, common canaliculus stenosis, and large lacrimal system stones. 37 Drawbacks for EDCR include the need for specialized training and extensive experience with endoscopy.
CONCLUSION
Our review indicated that endonasal EDCR is an effective, safe therapeutic procedure for treating NLDO in the pediatric population. Hence, it should be considered as an alternative procedure to external DCR after failed conservative treatment. Early referral along with postsaccal NLDO were indicators for good outcomes. 
